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Avian chlamydiosis in psittacine birds is characterized by clinical signs such as anorexia, depression, respiratory distress, or diarrhea. The disease is caused by widespread infection of mononuclear phagocytes by the obligate intracellular bacterium, Chlamydia psittaci. Chlamydial organism can be transmitted to humans via dried feces and nasal discharge, causing the clinical disease of psittacosis. Clinical signs of psittacosis include influenza-like symptoms, and infection can lead to severe pneumonia or other nonrespiratory ailments. 2 Because of the zoonotic potential of C. psittaci, it is important to make a rapid, definitive diagnosis in affected birds.
Diagnosis of chlamydiosis can be problematic. Isolation and identification is the gold standard for most infectious diseases, but these techniques may be difficult to use for chlamydiosis. 3, 7 First, many birds can be carriers and may harbor subclinical infections. Second, culturing requires the use of specialized cell lines or embryonated eggs and inoculation techniques that are not available in all laboratories. 3, 7 Third, because chlamydial organisms are shed intermittently in the feces, a single culture can lead to a false-negative result. 7 There are a variety of serologic tests available for diagnosis of chlamydiosis. Unfortunately, serologic responses in infection and disease vary widely in psittacine birds, and early stages of infection can have negative results. 7 Attempts at direct identification using fluorescent antibody testing on fresh tissue or characteristic inclusions seen histopathologically with hematoxylin and eosin (HE), Giemsa, or Gimenez staining have become more widely used. 3, 6 Fluorescent antibody testing, although reliable, requires the submission of fresh tissue, and often specimens are submitted to the diagnostic laboratory already in formalin. Diagnosis in formalin-fixed, paraffin-embedded (FFPE) tissues relies on the visual methods of finding organisms morphologically compatible with C. psittaci with HE or histochemical stains. Often this option is the only one available in a diagnostic laboratory setting, and it is fraught with potentials for falsenegative or false-positive interpretations based on insufficient or spurious histochemical reactions.
Immunohistochemistry (IHC) can help provide positive identification of a specific antigen within FFPE tissue. The aim of this study was to examine the usefulness of IHC and to compare this method with other methods based on pathology for detection of C. psittaci in FFPE tissues.
Thirteen cases of chlamydiosis in psittacine birds were selected from the biopsy and necropsy archives of the Department of Pathology and the Athens Diagnostic Laboratory From the Department of Pathology, College of Veterinary Medicine, University of Georgia, Athens, GA 30602-7388.
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at the University of Georgia (Athens, GA). Criteria for inclusion in the study included visual identification of C. psittaci within tissues and availability of FFPE spleen and/or liver. For 8 birds, both tissues were available, for 5 birds, liver alone was available. Six negative control cases were chosen, consisting of psittacine birds that died of other diagnosed causes. Replicate 3-m sections were cut of each tissue, and 1 section was subjected to each of the staining techniques.
For monoclonal antibody IHC tissue sections were deparaffinized and subjected to various antigen retrieval methods, including enzyme digestion, microwaving, and hydrated autoclaving. 1 The best results were obtained by autoclaving the slides in 0.1 M citrate buffer, pH 6.0, for 15 minutes at 121 C and 220 psi. 4 Sections were blocked with 2% normal goat serum in phosphate-buffered saline (PBS) with 0.005% Tween 20 (PBST), then incubated for 2 hours at 37 C with the mouse anti-Chlamydia lipopolysaccharide monoclonal antibody, a diluted 1:100 in PBST. A serum control included a ''nonsense'' monoclonal antibody at the same dilution. Biotinylated goat anti-mouse IgG antibody b was used at a 1: 250 dilution. The detection system consisted of either avidin-biotin peroxidase a or avidin-biotin alkaline phosphatase b followed by diaminobenzidine or Vector Red, b respectively. Slides were counterstained lightly with hematoxylin and coverslipped with Permount for a permanent record.
Protocol for polyclonal antibody IHC was similar to the monoclonal technique but with the following differences. Optimal antigen retrieval was by microwaving in 0.1 M citrate buffer, pH 6.0, for 2 5-minute bursts. Sections were blocked with 2% normal rabbit serum in PBST. Primary antibody, anti-C. psittaci, made in goat c was used at a 1:5,000 dilution. A serum control included normal goat serum, used at the same dilution. Biotinylated rabbit anti-goat IgG antibody was used at a 1:250 dilution. Detection system and counterstaining were as described for the monoclonal procedure.
Sections were also stained histochemically, using Giemsa and Gimenez methods. For Giemsa staining, tissue sections were rinsed in methanol and covered with Wright's stain for 5 minutes. Distilled water was added for 5 minutes, and working Giemsa solution was applied for 45 minutes. Sections were rinsed in water, and the backside was wiped with acid alcohol. After rinsing in water again, acetic water was added until the sections assumed a purple hue.
For Gimenez staining, filtered working basic fuchsin solution was added to the sections for 10 minutes, and the slides were dipped twice in 0.5% citric acid. After rinsing in water again, slides were dipped 15 times in light green counterstain. Table 1 details the presence of chlamydia-like organisms as detected by IHC and fluorescent antibody staining, HE, Giemsa, and Gimenez staining. Of the 13 birds previously diagnosed with chlamydiosis, all were distinctly positive by IHC, using both monoclonal and polyclonal antibody staining. Staining appeared as punctate to globular inclusions within macrophage cytoplasm in the liver and spleen (Fig.  1 ). Peroxidase staining, using diaminobenzidine as substrate, created some confusion in interpretation because it was difficult to discern positive brown IHC staining from iron in the spleen or bile pigment in the liver. Consequently, all IHC was accomplished using an alkaline phosphatase-Vector Red system. Organisms morphologically compatible with C. psit-taci were detectable in only 7 of the 13 cases by HE. Special staining, using Giemsa or Gimenez, highlighted chlamydialike bodies in 10 of 13 birds and 11 of 13 birds, respectively.
Of the 6 negative control birds, diagnosis included bacterial septicemia (birds 14, 18), psittacine beak and feather disease (birds 16, 17), mycotic airsacculitis (bird 15), and ultimobranchial cysts (bird 19). None of these birds had any evidence of chlamydia-like bodies by HE, and all were negative with IHC using the monoclonal antibody. The 2 birds with septicemia had positive staining with polyclonal IHC and with Giemsa and Gimenez staining but were negative with IHC using the monoclonal antibody. In both of these cases of septicemia, the morphology associated with the positive staining was distinctly bacterial and unlike the positive intracellular staining seen in the chlamydia-infected tissues.
These results demonstrate that immunohistochemistry, using either monoclonal or polyclonal antibodies on FFPE tissues, was successful in delineating chlamydial organisms in all 13 archived cases of chlamydiosis in psittacine birds. These methods proved superior to either of the histochemical staining methods, Giemsa and Gimenez, which successfully revealed chlamydia-like organisms in only 10 and 11 of the 13 birds, respectively.
The Gimenez staining technique, in wide usage for detection of chlamydial organisms, requires the use of basic fuchsin with phenol. Because of their carcinogenic potential, these chemicals are classified as biohazards and must be disposed of accordingly. The use of IHC for detection of chlamydiosis eliminates the need for hazardous chemicals as-sociated with Gimenez staining and may increase the accuracy of diagnosis.
Monoclonal antibody IHC provided greater specificity than the polyclonal antibody IHC. With the negative controls, monoclonal antibody IHC was consistently negative, whereas polyclonal antibody IHC was positive in 2 birds with bacterial septicemia. Bacteria in these cases were also stained with Giemsa and Gimenez methods. In these birds, staining was morphologically compatible with bacterial organisms other than Chlamydia. However, to an untrained eye, if the results could be construed as positive.
Public health considerations make it important to make a rapid and accurate diagnosis of chlamydiosis to help prevent exposure and clinical disease in humans. The use of histochemical stains for the diagnosis of chlamydiosis has the disadvantage of both false-negative and false-positive results. 3, 6 IHC, using a monoclonal anti-Chlamydia lipopolysaccharide antibody, is a technique that can be used to more accurately diagnose avian chlamydiosis in FFPE.
branes protruded through the vulva. The seal was euthanized shortly after presentation, and necropsy was performed immediately. A full-term fetus with a palpable heartbeat was present in the uterus and was euthanized by phenobarbital injection. The chorioallantoic surface was covered with orange granular material. Samples of all major organ systems from both mother and fetus were fixed in 10% buffered formalin solution and embedded in paraffin, and 6-m sections were stained with hematoxylin and eosin. The mother had encephalitis caused by a Sarcocystis neurona-like protozoan. 5 In areas of the chorioallantoic membrane just adjacent to the placental labyrinth, the trophoblast cytoplasm was frequently distended by large spherical to elongate aggregates of dense, basophilic granular material, often with a clear halo, that compressed the nucleus (Fig. 1) . The aggregates were 12-50 m ϫ up to 25 m and stained bright to dark pink with Gram's stain and pale pink with a Gimenez stain for rickettsia. There was marked exfoliation of necrotic trophoblasts, with accumulation of abundant hypereosinophilic material containing nuclear debris on the chorioallantoic surface and multifocal hemorrhage. Occasional exfoliated cells contained the cytoplasmic aggregates. No inflammatory cell infiltration was evident in the placenta.
